Gonadal development in immature, pubertal, young mature, and sexually mature male common dolphins (Delphinus delphis) was assessed for 212 dolphins collected between 1991 and 2003. The sample consisted of animals stranded along the Irish and French coasts, and also bycatch samples from Irish and French observer programs. Through histological analysis of the testes, individuals were categorized into reproductive stages by using characteristics of their gonadal morphology. These stages were immature, pubescent, young mature, and sexually mature. Male common dolphins were 102-233 cm in length and 0-28 years of age. Sexually mature individuals were 195-233 cm in length and 8-28 years of age, and the average age at attainment of sexual maturity was 11.86 years. Combined testes weight for mature male dolphins ranged from 0.45 to 5 kg, which is relatively large considering the overall size of the dolphin. Reproductive seasonality was found to occur, as evidenced by marked seasonal changes in both testes weights and cellular activity in testes outside the mating period; the mating period was estimated to take place during May-September. Moderate sexual dimorphism and large testes suggest sperm competition and a promiscuous mating system, with female common dolphins mating with multiple mates.
Male mating strategies and forms of competitive interactions among male cetaceans lead to the development of sexually dimorphic features such as prominent postanal humps, reproductive adaptations such as large testis size, and retained bodily scarring caused by interactions with conspecifics. In cetaceans, mating systems are not considered to be monogamous (each individual with a single partner), but have been reported as either polygynous (some males with 2 or more partners) or polygynandrous (male and females both with multiple partners). Both of these latter 2 types of mating systems have led to a number of different types of competition among males such as contest competition (where males limit the access of other males to females by aggressive displays or fights), scramble competition (competition to disperse and find sexually receptive females), endurance-rivalry competition (competition to remain sexually active over a longer period of time), mate-choice competition (competition in courtship), and sperm competition (competition between the sperm of 2 or more males -Andersson 1994; Mesnick and Ralls 2002; Perrin and Mesnick 2003) . It is believed that these forms of competition are not mutually exclusive, and it is likely that individual males within a population will use different strategies depending on their age, size, dominance rank, and number and quality of available females (Mesnick and Ralls 2002) .
The basic male mating strategy in cetaceans appears to be one of searching for receptive females and either spending as little time with them as possible other than to mate, or defense of the receptive females by an individual male or an alliance of males (Boness et al. 2002; Connor et al. 2000; Mann et al. 2000; Mesnick and Ralls 2002; Wells et al. 1999) . In polygynous species such as the bottlenose dolphin (Tursiops truncates- Tolley et al. 1995) , humpback whale (Megaptera novaeangliae- Craig et al. 2002) , and Dall's porpoise (Phocoenoides dalli -Jefferson 1990) , contest competition and courtship competition have been documented, whereas sperm competition has been reported in promiscuous species such as the right whale (Eubalaena sp. -Brownell and Ralls 1986) . Sexual dimorphism in size, weaponry (teeth and tusks), and the presence of scarring of conspecific origin are indicators of contest competition, and sexual variations in song and exaggerated visual signals such as the postanal hump or enlarged dorsal fins have probably evolved as a result of matechoice competition (Mesnick and Ralls 2002) . Large testes have developed as a result of sperm competition, because greater volumes of sperm produced by large testes will aid in competition between sperm of 2 or more males for fertilization of the ova (Gomenido et al. 1998) .
Previous research on gonadal development in the male common dolphin has been undertaken in the Pacific Ocean (Ferrero and Walker 1995; Gurevich and Stewart 1978; Hui 1979; Oliver 1973; Ridgeway and Green 1976) , the Black Sea (Sleptsov 1941) , and the eastern North Atlantic Ocean (Collet and Saint-Girons 1984) . Research in the eastern North Atlantic categorized male common dolphins over 200 cm as sexually mature, which corresponded to at least 6-7 growth layer groups in their dentine, and a combined testes weight of at least 150 g (Collet and Saint-Girons 1984) . The majority of research undertaken on male reproduction in the common dolphin was before classification of long-beaked (Delphinus capensis) and short-beaked (D. delphis) forms as 2 separate species (Heyning and Perrin 1994; Rosel et al. 1994) . This then makes comparisons with other studies on reproduction (e.g., Hui 1979) difficult, because these 2 forms have been identified as reproductively isolated.
In the eastern tropical Pacific where the long-beaked form is absent, Oliver (1973) estimated sexual maturity in D. delphis to occur at body length of 202 cm (200-204 cm) , when the combined testis and epididymis weight for each side is 100-150 g. Gurevich and Stewart (1978) noted that the weight of the gonads increased considerably between 6 and 10 growth layer groups, and males reached sexual maturity at a mean length of 202 cm. In the North Pacific Ocean, the average age at attainment of sexual maturity was 10.5 years (Ferrero and Walker 1995) . In that study, the largest sexually immature individual was 179 cm and the smallest sexually mature male was 182 cm. Weights of mature testes were 273.2-1,190 g.
An initial study on the common dolphin in the Black Sea estimated sexual maturity at around 165 cm and 2 years of age (Tomilin 1957) , whereas Sleptsov (1941) considered dolphins above 157 cm, 4 years of age, and with a gonadal weight of 300 g as mature. Although the common dolphin population in the Black Sea is considered genetically (Natoli et al. 2003 ) and morphologically distinct from other neighboring populations (Amaha 1994; Perrin 1984) , the estimated age at sexual maturity appears low. Because methods of age determination used in these Black Sea studies are unclear and not based on a definitive method of age determination, the estimated age at sexual maturity can be discounted as too low (Collet and Saint-Girons 1984) . Furthermore, studies by Hui (1979) and Gurevich and Stewart (1978) used an early technique of reading undecalcified, thin sections of formic-acid-etched teeth, which is a method now considered to be imprecise (Ferrero and Walker 1995; Perrin and Myrick 1981) .
Authors of some previous studies on common dolphins (Delphinus) proposed a seasonal cycle of testicular activity, whereas others believed that spermatogenesis continues throughout the year (Collet and Saint-Girons 1984; Fraser 1953; Harrison et al. 1972; Hui 1979; Ridgeway and Green 1976; Sleptsov 1941; Tomilin 1957) . Harrison et al. (1972) and Hui (1979) did not consider a phase of complete inactivity but believed that the activity is continuous, because they found testes to be enlarged in size, with signs of spermatogenesis, throughout most of the year. Collet and Saint-Girons (1984) believed that spermatogenesis in the eastern North Atlantic followed a seasonal pattern with a period of complete inactivity; however, their sample size was small (n ¼ 26). In common dolphins stranded along the Atlantic coast of France, the period of testicular activity was estimated to last from April to August, and possibly was prolonged into the autumn (Collet and Saint-Girons 1984) .
It has been suggested that the relationships among relative testis size, sexual dimorphism, and mating systems are so strong that both testis size and sexual dimorphism can be used as an indicator of the mating system of a species (Gomenido et al. 1998) . Sexual dimorphism can be manifested in a number of ways, from the possession of ornate secondary sexual characters to differences in body size, that is, sexual size dimorphism (Ralls 1977; Tolley et al. 1995) . Sexual size dimorphism is a statistical entity, and includes cases in which members of one sex are on average larger than members of the other sex (Lindenfors 2002) . Because of the presence of large testes, a multimale breeding system has been suggested for the common dolphin, with both fighting ability and sperm competition playing a role in male reproductive success ; however, this has not been fully investigated.
Although the short-beaked common dolphin has a widespread distribution in the eastern North Atlantic (Murphy 2004) , recent studies into gonadal development have not been conducted nor have any definite conclusions been drawn regarding their mating system and strategies. The aim of this paper is to examine gonadal development in the male common dolphin. Use of samples from a large distributional area in the eastern North Atlantic allows investigations into testicular development in immature, pubescent, and sexually mature male common dolphins and also analysis of gonadal development against age and total body length of individuals. Classification of each male dolphin according to its stage of sexual development, determination of the estimated age and total body length at sexually maturity, and the examination of seasonal changes in seminiferous tubule structure and testes weights allows us to investigate the mating system and strategies used by the common dolphin.
MATERIALS AND METHODS
The sample.-Gonadal development in immature, pubescent, and sexually mature male common dolphins was assessed for 212 dolphins collected between 1991 and 2003. The sample consisted of animals stranded along the Irish (1991 Irish ( -2003 ; n ¼ 52) and French (1991 French ( -2000 ; n ¼ 52) coasts, and also samples recovered from Irish (1993 Irish ( -1999 n ¼ 40) and French (1992 French ( , 1993 ; n ¼ 68) observer programs of drift net fisheries for albacore tuna (Thunnus alalunga; Fig. 1 ). No live animals were sampled during the course of this study. Teeth and gonadal samples (testes and epididymides) were obtained from standard postmortem examination procedures, and total body length was recorded. Not all information could be collected from each carcass, so sample sizes varied between parameters (see Table 1 ).
Testes were individually weighed with and without associated epididymides to the nearest 0.01 g, and their proportions (length and width) were measured to the nearest 0.1 mm. Testes and epididymides were fixed and stored whole in a 1:10 ratio of 10% neutral buffered formalin. Where testes were large in size, a cross section of the midtestis was collected for fixation and storage. Unfortunately, because some necropsies were carried out on board fishing vessels, weights and measurements were not obtained and are missing from the data set.
Teeth samples were frozen for age determination and a process of fixation, decalcification, sectioning, and staining teeth to analyze growth layer groups in the dentine was undertaken (Murphy 2004) . Gompertz growth curves (Fitzhugh 1975; Laird 1966) were used to predict length and age at physical maturity of male stranded and bycatch common dolphins, by using the 3-parameter nonlinear, leastsquares technique:
where S is a measure of size, A is the asymptotic value, b is the constant of integration, k is the growth rate constant, and t is age (Fitzhugh 1975) . Analysis comparing simple linear regression equations (Zar 1996) was carried out to compare growth coefficient values between stranded and bycatch common dolphins (d.f. ¼ n À 2 and P ¼ 0.05) by using Student's t-test tables. All age and total body length data were transformed to a logarithmic scale (log10(x)) for regression analysis. Histological processing.-For immature individuals, a 1-cm 3 block was dissected from the middle of each testis, with its associated epididymis. For mature individuals, a 1-cm 3 block was dissected from each of 3 locations along the preserved cross section, 1 near the capsule, 1 from the center of the cross section, and 1 equidistance between these 2 landmarks (O'Hara et al. 2002) . A section of the epididymis also was taken. The tissue was dehydrated by using 30%, 50%, 70%, 80%, and 95% graded ethanol solutions; absolute ethanol; and butanol. After this, the tissue was embedded in paraffin wax, sectioned at 7 lm, stained with hematoxylin and eosin, and mounted on a glass slide with DPX (BHL Laboratory Supplies, Poole, United Kingdom). All testes collected from specimens that were frozen or severely autolyzed were not included in the histological examination. Histological examination.-Histological slides were examined microscopically and dolphins were categorized into maturity stages based on the earlier study of Collet and Saint-Girons (1984) . Parameters such as the mean diameter of the seminiferous tubules, the relative proportion (low, medium, and high) of Sertoli cells, presence of interstitial tissue and germinal cells (e.g., spermatogonia, spermatocytes, spermatids, and spermatozoa), activity in the epididymis, and the presence and proportion of spermatozoa within the epididymis all were used for categorization. Neimanis (1996) found that in slightly autolyzed tissues some areas of the basement membrane detached from the seminiferous epithelium, but that the diameter of tubules did not differ significantly from that in fresh tissue. Therefore, the average tubule diameter was based on measurements taken from the basement membranes of 10 tubule cross sections and measured by using a microscope fitted with an ocular micrometer at 100Â magnification. The smallest diameter of each tubule section was selected to ensure that the cross section of the longitudinal axis was being measured at 908 (Neimanis et al. 2000) . Average age at attainment of sexual maturity.-Average age at attainment of sexual maturity may be used as an index of the condition of the population or its relative carrying capacity (Eberhardt and Siniff 1977; Fowler 1987; Hanks 1981; Hohn 1989) . Declines in age at sexual maturity within populations over time have been associated with relative declines in population abundance; for example, changes in age at sexual maturity in baleen whales has been correlated to changes in population size due to exploitation (Hohn 1989; Lockyer 1984) . Age at sexual maturity, birth rate, and juvenile survival are the 3 parameters most often observed to change with population density (Fowler 1987; Hohn 1989 ). Hohn's (1989) algorithm for summation of fraction immature method was used in this study to estimate the average age at attainment of sexual maturity (age at sexual maturity) and its variance. This method is based on and adapted from nonparametric methods of DeMaster (1978 DeMaster ( , 1984 and Cooke (1984) .
Confidence interval ðat P ¼ 0:05Þ ¼ age at sexual maturity 6 1:96 ffiffiffiffi s 2 p where j is the 1st indeterminate age class, k is the last indeterminate age class, p i is the fraction of immature specimens in age class i, q i is the fraction of mature specimens in age class i (p i þ q i ¼ 1), x i is the number of age classes combined to obtain a sample size of .2 in age class i, I i is the number of immature specimens in age class i, M i is the number of mature specimens in age class i, and N i is the number of specimens in age class i (
RESULTS
The sample.-Strandings and bycatches varied seasonally (Fig. 2) . Because the tuna fishery is a summer-autumn fishery, most of the bycatch animals were recovered during the 3rd quarter of the year (see Fig. 2 ), whereas most strandings were recovered during the 1st quarter (winter). Total body length for the entire data set ranged from 105 to 233 cm (n ¼ 205), with a modal size class of 190-199 cm and a median value of 176 cm (Fig. 3a) . Although male common dolphins ranged in age from 0 to 28 years (n ¼ 186), 21.3% of the aged sample was composed of individuals , 1 year old, and 65.6% were ,6 years old ( Fig. 3b; Table 1 ). A high juvenile mortality of male common dolphins in the eastern North Atlantic albacore tuna drift-net fisheries was noted, because 70% of common dolphins , 2 years old were obtained from bycatch data. However, this also reflects a sampling bias in the current study.
Gompertz growth curves were used to determine if variations in growth rates exist between the 4 samples (Irish strandings, Irish bycatch, French strandings, and French bycatch). The predicted Gompertz growth curves and asymptotic values obtained for each of the 4 samples are presented in Fig. 4a and Table 2 . Significant variation was found in growth coefficients between Irish stranding and bycatch data when using linear regression analysis, after a log transformation (t ¼ 3.68, d.f. ¼ 53, P , 0.01). However, on closer inspection, this variation was due to sampling stratification, because a large proportion (60%) of the Irish bycatch data was composed of dolphins , 1 year old (Fig. 3b) . Therefore, the analysis was repeated to include only dolphins , 3 years, and after this, no significant variation in growth coefficients was found between the 2 areas (t ¼ 0.003, d.f. ¼ 29, P . 0.01). Significant variation was found between the growth coefficients of the Irish stranding sample and the French stranding sample at P , 0.05 but not at P , 0.01 (t ¼ 2.365, d.f. ¼ 65). Because no further significant variations were found in growth coefficients between any of the other groups, data sets were pooled in subsequent analysis. The variation in asymptotic values between stranding and bycatch data was attributed to the sampling of younger dolphins in the bycatch samples. Therefore, it is necessary when using growth curves to examine a representative sample of the entire population. When data were pooled (n ¼ 170), asymptotic values of 206 cm in total body length and approximately 12 years in age were obtained (Fig. 4b) .
Histological and morphometric analysis.-Of the 212 males collected, 167 were classified as nonreproductive individuals and 45 as reproductive individuals (Table 3) . Individual dolphins were classified into 1 of 4 stages on the basis of morphology and histology of the testes; descriptions of testis at the various reproductive stages (shown in Figs. 5a and 5b) are as follows.
In immature males, the seminiferous tubules were narrow (mean diameter ¼ 39.6 lm, range ¼ 15-65 lm) and imbedded in abundant interstitial tissue. The basement membrane enclosed 2 types of cells, the supportive Sertoli cells and spermatogonia (germinal cells), which were undergoing mitosis. The epididymis was undeveloped, empty, and with a resting epithelium. One hundred forty-seven male common dolphins were classified as sexually immature in the sample and ranged in total body length from 102 to 216 cm and in age from 0 to 11 years. Combined testes weights were 2.87-72.4 g and lengths were 1.7-34.5 cm.
In pubescent males, diameter of seminiferous tubules was still relatively small (mean diameter ¼ 55.1 lm, range ¼ 41-81.5 lm). A noticeable reduction in the density of interstitial tissue and Sertoli cells was apparent. Numerous spermatogonia were present and undergoing meiosis to produce spermatocytes. The epididymis was empty, but secretion had commenced in some individuals. Eleven male common dolphins were classified as pubescent, and ranged in total body length from 184 to 204 cm and in age from 8 to 12.5 years. Combined testes weights ranged between 76.5 and 228.2 g and lengths were between 23.6 and 36 cm.
Young mature males were on the verge of attaining sexual maturity and were classified by an increasing seminiferous tubules diameter (mean diameter ¼ 117.9 lm, range ¼ 80-145 lm), and large reduction in the density of interstitial tissue and Sertoli cells, with an increase in density of spermatocytes present around a small central lumen. On occasion, spermatogenesis was advanced and spermatocytes were undergoing meiosis and produced spermatids; however, spermatozoa were not observed. The epididymis was empty, but secretion had commenced. Nine male common dolphins were classified as young mature, and ranged in total body length from 181 to 220 cm and in age from 11 to 13 years. Combined testes weights were 156.6-747.3 g and lengths were 37-60 cm.
In sexually mature males, all stages of maturation of germinal cells were observed, including the final germinal cells, spermatozoa (as a result of cytodifferentiation of spermatid cells). Full testicular activity was characterized by the presence of spermatozoa in the lumen of the seminiferous tubules and epididymis. In the seminiferous tubules, the relative abundance of interstitial tissue, Sertoli cells, and spermatogonia was diminished, and production of numerous spermatocytes, spermatids, and spermatozoa was observed. The epididymis was enlarged, with an actively secreting epithelium and spermatozoa. Large seminiferous tubules were observed, with a mean tubule diameter of 183.1 lm (range ¼ 105.3-355 lm). Forty-five male common dolphins were classified as sexually mature, with an average total body length of 213 cm (range ¼ 195-233 cm) and average age of 16.6 years (range ¼ 8-28 years). Combined testes weights ranged from 415.9 to 5,000 g and lengths were from 48 to 93 cm.
Combined testes weights were significantly correlated with total body length (r 2 ¼ 0.12, P , 0.000, n ¼ 106) and age (r 2 ¼ 0.16, P , 0.000, n ¼ 98) among nonreproductive individuals. However, no significant correlation was found between combined testes weights and total body length (r 2 ¼ 0.02, P ¼ 0.656, n ¼ 14) or age (r 2 ¼ 0.04, P ¼ 0.596, n ¼ 10) in reproductive individuals. At approximately 195 cm and 8 years a rapid increase in combined testes weights was observed (see Fig. 6 ). Although spermatogenesis occurred yearround, peak spermatogenic activity was noted from the end of May to September in sexually mature common dolphins, which coincided with records of largest mean seminiferous tubules diameters and highest combined testes weights (Fig. 7 ). In the current data set, it appears that combined testes weights may be a better indicator for predicting an increase in testicular activity, because only small variations in mean seminiferous tubule diameters were observed throughout the year.
Average age at sexual maturity.-Based on the current data set, estimated average age at which sexual maturity was attained for males was 11.86 years (SE ¼ 0.62). However, in age classes 8-13 years, both immature and mature male common dolphins were found in the sample (Table 4) .
DISCUSSION
Classification of stages of sexual development.-Histological analysis of the testes showed that dolphins could be readily classified into 4 categories: immature, pubescent, young mature, and sexually mature. The majority of the sample was composed of nonreproductive individuals (78.8%), which mainly included sexually immature dolphins. A small proportion of the sample was composed of pubescent individuals (4%) and young matures (5%). An overlap existed within pubescent, young mature, and sexually mature categories in parameters such as age, total body length, and combined testes weights, which may have been as a result of individual variation within the sample. Large individual variation also was observed in the age at which sexual maturity was attained.
Attainment of sexual maturity.-In this study, sexual maturity was attained at a body length of about 200 cm, with the smallest sexually mature individual measuring 195 cm. This is consistent with results attained from a previous study carried out in the eastern North Atlantic, where sexual maturity was estimated to occur in individuals larger than 200 cm (Collet and Saint-Girons 1984) . Other studies on D. delphis in FIG. 6 .-Relationships between a) combined testes weights and age and b) combined testes weights and body length in the male Delphinus delphis. Each point represents maturity status of an individual dolphin (for age, n ¼ 108; for total body length, n ¼ 101).
FIG. 7.-a)
Combined testes weights versus Julian date, and mean seminiferous tubule diameter of sexually mature common dolphins versus Julian date. Combined testes weights obtained by sexually mature individuals ranged from 415.9 to 5,000 g, with the largest weights recorded during July and August (Julian dates 182-243 days). Although a peak was observed in mean seminiferous tubule diameter during the 3rd quarter (Julian dates 182-273 days), combined testes weights may be a better indicator for predicting an increase in testicular activity.
the eastern tropical Pacific also found sexual maturity to be obtained at around 200 cm (Gurevich and Stewart 1978; Oliver 1973) . In the North Pacific Ocean, the smallest sexually mature male was 181 cm, and the largest mature individual recorded was only 211 cm (Ferrero and Walker 1995) , which is relatively small compared to the eastern North Atlantic. In the common dolphin, geographical variation in overall body size has been documented, and it is possible it is related to a number of factors such as habitat, prey type and availability, bycatch rates of the population, character displacement, and possibly population density (Murphy 2004 ).
In the current study, young mature dolphins, which were at the onset of sexual maturity, were within the age range 11-13 years, and the average age at attainment of sexual maturity was calculated to be 11.86 years. The youngest sexually mature male common dolphin was 8 years of age; however, all other sexually mature individuals were 10 years and older. Ferrero and Walker (1995) obtained a value of 10.5 years for the average age at sexual maturity; however, unlike in this current study, only in age class 10-10.9 years did both sexually mature and immature specimens appear in the sample. The age at sexual maturity in the current study appears higher than the previous value obtained by Collet and Saint-Girons (1984) of .6 years, but this value was only tentative because the sample size was small. Furthermore, the dolphins analyzed in the earlier study were not individually aged, and only an estimated age at a total body length of 200 cm obtained from Collet (1981) was used.
Physical maturity was obtained soon after sexual maturity in our sample, with asymptotic values of 206 cm and about 12 years obtained. It has been suggested that in cetaceans, mature males that are not large enough to compete directly with larger males may invest more heavily in sperm production, and thus have relatively large testes Parker 1990a Parker , 1990b Stockley and Purvis 1993) . In this study, we found no evidence to support this hypothesis. Males with largest testes were all large, physically mature individuals (ranging in length from 208 to 231 cm), and there was no indication of greater investment in testes growth by smaller males in order to compete indirectly with larger males. However, it appears that maximum testes weights in sexually mature dolphins varied considerably on an individual basis. Possibly this is a function of hierarchical position in the social unit or due to the cycle of testicular activity (Collet and Saint-Girons 1984) , but more importantly, the healthier an individual is, the more capable of producing large volumes of protein-rich sperm it will be. Individual variation in age at which sexual maturity is attained is common among mammals. In humans, the age at which individuals attain sexual maturity is extremely variable and is influenced by general health, nutrition, socioeconomic conditions, and genetic factors (Barkow and Fletcher 1992) . Furthermore, general body weight in humans can either instigate early puberty (caused by moderate obesity) or delay puberty (severely underweight and malnourished). In cetaceans, many factors may determine when an individual attains sexual maturity, such as the general health of the animal, but also hierarchical position, mate availability, genetic factors, quality and quantity of food, and consumption of food high in contaminant levels (especially endocrine-disrupting chemicals) all may have a synergistic effect.
Seasonal changes in gonadal activity.-In this study, we did find that spermatogenesis continues throughout the year in sexually mature individuals, with spermatozoa and spermatids observed in seminiferous tubules in 11 months of the year (no sexually mature dolphin was sampled during the month of April). However, reproductive seasonality was found to occur, evidenced by marked seasonal changes in both testes mass and cellular activity. Although the sample size was small (n ¼ 45), it appears that peak spermatogenetic activity was noted in sexually mature common dolphins from late May or early June to September, which suggests the main mating period takes place during this time. Testes of dolphins obtained outside this period exhibited a reduction in the relative proportion of spermatids and spermatozoa, with a relative increase in the amount of interstitial tissue and a slight reduction in the diameter of seminiferous tubule. Previous studies on Delphinus spp. by Harrison et al. (1972) and Hui (1979) in the Pacific also concluded that spermatogenesis occurs throughout the year, with more intense activity during the ''rut,'' or mating period. This has also been noted in primates, where in rhesus monkeys (Macaca mulatta) studies have reported a significant decline in testicular weight (Gupta et al. 2000) , testis size, and seminiferous tubular diameter (Bansode and Chowdhury 1997) ; suppression of spermatogenesis and a decline in marker enzymes of spermatids and spermatocytes (Gupta et al. 1997) ; and finally a significant decline in daily sperm production (Gupta et al. 2000) outside the breeding period.
In the common dolphin, length of gestation in the eastern North Atlantic has been estimated at approximately 11.5 months, and the calving period and period of when females are in estrus extends from May to September (Murphy 2004) . Maximum values of combined testes weights and seminiferous tubule diameters recorded in this current study suggest that the mating period coincides with the calving period. As a consequence of producing enlarged testes during the mating period, the male common dolphin would be expected to adhere to a seasonal regression in testicular mass outside the mating period, as occurs in other cetacean species such as Bryde's whale (Balaenoptera edeni) and harbor porpoises (Phocoena phocoena-Best 1977; Brownell and Ralls 1986; Gaskin et al. Kinze 1985; Lockyer 1984; Neimanis et al. 2000; Perrin and Mesnick 2003; Read 1989; Read and Gaskin 1990; Rice 1983) . This is proposed by the data of the current study; however, a larger sample size of mature individuals is needed to investigate in detail seasonal regression of testes.
Interestingly, it appears that common dolphins in this study do not undergo the same degree of testicular regression as found in the harbor porpoise (Neimanis et al. 2000) , for example, and are capable of producing sperm outside the mating period. Furthermore, off New Zealand, common dolphins have been seen to copulate outside the mating period (Neumann 2001) . The possibility that recreational mating might induce sperm competition, aid in assessing future mates, or help in establishing social bonds with potential partners needs to be considered.
Sperm competition.-The common dolphin is known as the ''testicular dolphin,'' because the maximum combined testes weight ever recorded was 8,000 g (Nishiwaki 1965 ). This is quite large relative to the overall size of the common dolphin, which has a maximum body length of 270 cm, although to date in the eastern North Atlantic most individuals observed were ,230 cm in length (Evans 1994; Murphy 2004 ). An explanation for the large combined testes sizes, and the considerable energetic investment in reproduction may be due to reproductive seasonality (rut) or the possibility of postmating competition for females by participating in sperm competition.
A seasonal cycle of testicular activity or a rut period may be a consequence of time constraints of the mating period because of the short period of time when females are in estrus, thus placing time limits on the peak reproductive activity in males and leading to an increase in testicular activity and size in males during the mating period. Therefore, if the window of opportunity for mating only arises during a short period every year, this may explain why male common dolphins place such a considerable energetic investment in their reproductive organs and produce such large testes. However, in the eastern North Atlantic it appears that the calving period and length of time when females are in estrus is protracted over 5 months, which would not explain why such an investment in producing large testes is required. Across primates, it has been found that seasonality has no influence on the mating system, or on testis size, independent of mating system (Harcourt et al. 1995) . Therefore, in our study and across cetaceans, enlarged testes may not be as a consequence of reproductive seasonality but a physiological adaptation for male-male competition in copulating with females, that is, sperm competition.
In mammals, sperm competition takes place when receptive females copulate with several males and spermatozoa from rival males compete within the female reproductive tract to fertilize the available ova (Gomenido et al. 1998) . In marine mammals, sperm competition occurs through attempted displacement or dilution of the sperm of rival males, which can be accomplished either by the males producing a large number of sperm per ejaculate or by accomplishing multiple ejaculates within a short time period, from which it follows that species that participate in sperm competition should have relatively large testes (Brownell and Ralls 1986 ). In woolly spider monkeys (Brachyteles arachnoides), during copulations males compete through sheer volume of semen, displacing each other's sperm with their own. Because producing large quantities of protein-rich semen would be virtually impossible for a sick or low-quality male, this ensures that a relatively healthy individual will fertilize the female (Forsyth 2001; Milton 1985) . In species where males compete primarily through sperm competition, it has been found that females may copulate with more than 1 male, male-male interactions are not highly aggressive, and males have relatively large testes (Brownell and Ralls 1986; Dewsbury 1984; Harcourt et al. 1981; Kenagy and Trombulak 1986; Parker 1984; Smith 1984) .
Male mating strategy.-In mammals, it has been proposed that increased dimorphism and decreased testis size are indicative of increased polygyny, whereas decreased dimorphism and enlarged testes are indicative of a polygynandrous mating system (Andersson 1994; Gomenido et al. 1998) . Such a strong relationship between sexual dimorphism, testis size, and the mating system has been documented in the spinner dolphin (Stenella longirostris-Perrin and Mesnick 2003) and Dall's porpoises (Jefferson 1990 ). Jefferson (1990) suggested a polygynous mating system for Dall's porpoise based on the presence of relatively small testis size and sexual dimorphism in body shape, with the presence of a strongly forward-canted dorsal fin, enlarged postanal hump, and a deep-ended caudal peduncle in males. In spinner dolphins, it is thought that both mating systems can be found in different geographical forms of the species. Perrin and Mesnick (2003) suggested a polygynous mating system for the eastern spinner form and a more polygynandrous mating system for the whitebelly spinner form. In the eastern spinner, only a few males may participate in reproductive activities, and it is thought that premating competition occurs because males exhibit traits favored for combat or intrasexual or intersexual display, whereas, in the whitebelly spinner, a large proportion of males participate in reproductive activities, and they exhibit less sexually dimorphic features (falcate or erect dorsal fins) than the eastern spinner, thus allowing the whitebelly spinner to participate in a more promiscuous mating system wherein postmating competition such as sperm competition is undertaken.
In the common dolphin, only moderate sexual dimorphism exists, and males are only slightly larger than females, with a sexual size dimorphism ratio of 1.06 (Murphy 2004) . In animals there is a trend toward greater sexual size dimorphism with increasing body size (Ralls 1977) , and it has been predicted that males are larger than females to a degree of the intensity of male-male competition Webster 1992 ). However, when the effects of the mating system are removed, the relationship between sexual size dimorphism and body size disappears (Webster 1992) . Sexual size dimorphism is also found to correlate with the operational sex ratio; however, this may be due to another variable, the birth interval, because this strongly affects the number of available females (Mitani et al. 1996) . Within the family Delphinidae, Connor et al. (2000) found a clear and positive relationship between sexual size dimorphism and body size (r 2 ¼ 0.50). Connor et al. (2000) also determined a sexual size dimorphism ratio of 1.06 for D. delphis, and for the dusky dolphin (Lagenorhynchus obscurus), a slightly smallsized delphinid species (standard length ¼ 187 cm) with relatively large testes (8,815 g-van Waerebeek and Read 1994) , they estimated a sexual size dimorphism ratio of 0.99. Because of the relative size of the testes, both species should partake in sperm competition, but a lower sexual size dimorphism value calculated for the small delphinid L. obscurus possibly emphasizes the selection of maneuverability over increasing body size for this species . Murphy (2004) concluded that in common dolphins sexual shape dimorphism is lacking except for the presence of a prominent postanal hump in mature males. The postanal hump may be important as a visual signal that allows adult males to be easily recognizable in schools, by both females and other males, and may function in social ordering (Norris et al. 1994) . It may also be important in mate choice, because Lewis (T. Lewis, in litt.) established that the size of the postanal hump is positively correlated with testis size, which may demonstrate its value as a display signal to potential mates (T. Lewis, in litt; Neumann et al. 2002) . The fact that in common dolphins the postanal hump tissue is composed of muscles, whereas in the spinner and spotted dolphins it is composed of connective tissues, might show different reasons for the development of the postanal humps between the species. In the pantropical spotted dolphin (Stenella attenuata), the postanal hump plays a role in threat display, in which individuals assume a characteristic S-shape posture before fighting, emphasizing the postanal region Norris et al. 1994 ). However, in common dolphins, the postanal hump may serve in female choice, allowing the identification of the healthiest male, that is, the male that can produce the largest quantity of sperm or the largest postanal hump.
The presence of enlarged testes and the existence of moderate sexual dimorphism suggests that the competition among male common dolphins involves postmating competition, that is, sperm competition, suggesting promiscuity in the species. The relationships among sexual dimorphism, testis size, and the mating system also hold within families of many other taxa, such as birds and butterflies (Birkhead and Møller 1992; Gomenido et al. 1998; Møller 1988; Møller and Briskie 1995; Svard and Wilklund 1989) , which indicates that the main factor in the relationship is the single factor common to all, intensity of sperm competition (Gomenido et al. 1998) .
It may appear that sperm competition is a mating strategy adapted by males in order to inseminate as many females as possible. In reality, it is possibly the females that are promoting sperm competition by copulating with many males, and for their own interests. Murphy (2004) reported that the lifetime reproductive output in female common dolphins in the eastern North Atlantic is relatively low (about 4 calves), and that female common dolphins in this region exhibited a low pregnancy rate (28.2%). Therefore, without the possible existence of premating competition, how would female common dolphins choose a fitter or healthier male to fertilize their ova? The likelihood of female common dolphins allowing multiple males to mate with them in order for males to compete through sheer volume, displacing each other's sperm with their own, probably occurs. As mentioned before, this has been documented in woolly spider monkeys (B. arachnoides), and it was concluded that producing large quantities of protein-rich semen would be virtually impossible for a sick or low-quality male, which ensures that a relatively fit individual will fertilize the female (Forsyth 2001; Milton 1985) . Evidence of the existence of sperm competition within the species and a low reproductive output suggests that female common dolphins may be partaking in one or more of the following mating strategies: mating with multiple mates to ensure that male offspring inherit competitive ejaculates; avoiding inbreeding; manipulating the uncertainty in knowledge of paternity to diminish the risk of infanticide; ensuring genetic compatibility with one of the males, thus increasing the likelihood of fertilizing her ova; and diminishing the risks of mating with an infertile male (Gomenido et al. 1998 ).
In conclusion, large individual variation was observed in the age at which sexual maturity was reached, with individuals ranging in age from 8 to 13 years. The average age at sexual maturity in the sample was 11.86 years, and sexual maturity was attained at about 200 cm in body length. Sexual maturity was attained before physical maturity (206 cm and 12 years). Spermatogenesis was found to continue throughout the year in sexually mature common dolphins; however, reproductive seasonality does occur, evidenced by marked seasonal changes in both testes mass and cellular activity. The mating period coincides with the calving period in the common dolphin in the eastern North Atlantic, May-September. Finally, the strong relationships that exist among relative testis size, sexual dimorphism, and mating systems suggest that the common dolphin is a promiscuous species and uses sperm competition.
